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Melanosomes are specialized organelles that synthesize and preserve melanin and are specifically 
produced in pigment cells called melanocytes.  These organelles are formed and matured around 
the nucleus and they must be transported to the cell periphery of melanocytes by coordination 
between bidirectional (anterograde and retrograde) microtubule-dependent movements and 
unidirectional actin-dependent movement before they are transferred to surrounding keratinocytes, 
where the melanin plays a critical role in photoprotection from ultraviolet radiation.  These 
transport processes are indispensable for proper pigmentation of mammals, and actually, human 
Griscelli syndrome (GS) that is characterized by hypopigmentation of hair and skin is caused by 
defects in actin-dependent melanosome transport, which consequently induces aggregation of 
melanosomes around the nucleus of melanocytes.  Although the molecular mechanisms of actin-
dependent melanosome transport and microtubule-dependent retrograde melanosome transport in 
melanocytes have already been determined, almost nothing is known about the molecular 
mechanism(s) of microtubule-dependent anterograde melanosome transport (Figure).  In this thesis, 
I studied the molecular mechanisms of microtubule-dependent anterograde melanosome transport by 
performing comprehensive screening for Rab small GTPases and molecular motor kinesins that are 
involved in anterograde melanosome transport in melanocytes.  In the first section, I screened for 
60 different Rab GTPases in mammals and succeeded in identifying Rab1A, originally described as 
a Golgi-resident Rab, as a crucial regulator of anterograde melanosome transport.  In the second 
section, I investigated the precise mechanism by which Rab1A transport melanosomes toward the 
microtubule plus-end and found that Rab1A on the melanosome recruits kinesin-1 (Kif5b + KLC2) 
through direct interaction with a Rab1A-specific effector, SKIP (SifA and kinesin-interacting 
protein), which is also known to act as a linker protein between lysosomal small GTPase Arl8 and 
kinesin-1.  Thus, Rab1A and Arl8 function as independent cargo receptors for the SKIP–kinesin-1 
complexes that regulate microtubule-dependent anterograde melanosome transport and lysosome 
transport, respectively.  However, the Rab1A–SKIP–kinesin-1 complex is unlikely to be a sole 
mechanism of microtubule-dependent anterograde melanosome transport, because more than 50% of 
the SKIP (or Kif5b)-knockdown cells still exhibited normal peripheral melanosome distribution.  In 
the last section, I further screened for additional kinesin molecule that is involved in anterograde 
melanosome transport and succeeded in identifying Kif1c, a member of the kinesin-3 family, as a 
prime candidate.  On the basis of these findings, I propose a model of the microtubule-dependent 
anterograde melanosome transport, which is regulated by two kinesin motors, in melanocytes.  















 本論文では、小胞輸送の普遍的制御因子である低分子量 G タンパク質 Rab にまず着
目し、マウスに存在する全ての Rab を対象とした網羅的なスクリーニングを行った。









らかになった。興味深いことに、SKIP はリソソームに局在する Arl8b と呼ばれる別の
低分子量 G タンパク質とも結合し、リソソームの順行性輸送にも関与していた。すな





ァミリーに属する Kif1c を同定することにも成功した。 
 以上のように、石田氏は当該研究分野において卓越した研究成果を挙げており、自立
して研究活動を行うに必要な高度の研究能力と学識を有するものと判断できる。したが
って、石田森衛氏の提出の論文は、博士（生命科学）の博士論文として合格と認める。 
 
